Malformations of the heart are found in about 8 of every 0OOO births. In addition, about 4 The neonatal mortality is so high that the incidence of all cardiac malformations is soon reduced to about half its incidence at birth. The mortality rates are strikingly different. They are about go per cent for transposition and truncus, reducing these to insignificant proportions in older children. They are between 50 and 6o per cent for aortic coarctation, because most with preductal coarctation die early, for Fallot's tetralogy, and for those with multiple malformations. For other common malformations they are probably higher for ventricular and atrial septal defects (both about 36%), than for aortic stenosis (about 29%) and lower for pulmonary stenosis (24%) and persistent ductus arteriosus (23%). The prominence of ventricular septal defect at birth is reduced by the large number that close spontaneously, and this applies also to persistent ductus arteriosus but to a lesser extent.
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The observed incidence in schoolchildren and in older children and young adults is described. This agrees reasonably well with the figures calculatedfrom the incidence at birth and the differential mortality, neonatal and during the first two decades.
At birth, bicuspid aortic valves, aortic stenosis, coarctation, and most cyanotic conditions have a higher male incidence which continues or increases at older ages. Only persistent ductus arteriosus has a higher female incidence at birth and it too increases with age, but adults with atrial septal defect and ventricular septal defect show an increasing female incidence. Only pulmonary stenosis shows no difference between the sexes.
Some short comments on malformations in general should show cardiac ones in clearer prospective. Lamy and Frezal (I960) reviewed I9 series from several European countries, the United States, and Japan, all dealing with several thousand subjects. They found the total incidences of all malformations fairly constant but those of some individual ones varied considerably. Thus polydactyly is much commoner in several African races; and anencephaly is commoner in Scotland than in England, commoner in England than in most of Europe, and commoner Received 23 August 1972. in Caucasian races than in Negroes. Some incidences varied widely, the highest figure being io times as large as the lowest; while for achondroplasia, more easily recognized, it was only twice as much (0o025 against 0013%).
The incidence of all major malformations was generally about 2 per cent for those recognized at birth but higher for series observed and re-examined after a year or more. Many were collected in I930-50 and all cardiac malformations were reported as only 2-4 per thousand. But it was only very gradually that interest in and ability to diagnose Igo Maurice Campbell them spread, mainly under the influence of Helen Taussig (1936) and James Brown (i939). More modern estimates are shown in Table i after McKeown and Record (i960) and Carter (i96i) which is based on three series from England, America, and Japan. In reaching average figures shown in the last column less weighting has been given to Japanese figures for comparisons with British and American families. All major malformations form 24 per thousand births and malformations of the heart form one-quarter of these, i.e. 6 per thousand. Smithells (i968), among 80,640 livebirths registered at Liverpool, found a higher incidence of all malformations (29-9 per iooo), and a higher one for those of the central nervous system (7-I per Iooo) but lower for those of the heart (5 per Iooo). Combining these four series, all malformations are just over 25 per Iooo births. One cannot say if malformations of the heart or central nervous system are most common (both 5-75 per iooo) but they are certainly the two largest groups, between them responsible for nearly half all major malformations. McKeown, and Record (I953), the pioneers of modern methods, increased it only to 3-2 per iooo after adjusting for diagnoses missed at first and made during subsequent years. Harris and Steinberg (1954) found it to be 6-8 and McIntosh et al. (1954) Incidence of cardiac malformations at birth and later, and neonatal mortality IgI Richards et al. (1955a, b) . Their intimate knowledge of the pregnancies and births provided useful information on many aspects, but the small numbers showed only that septal defects, persistent ductus, and Fallot's tetralogy were common. Probably no small group can collect enough cases from their own obstetric experience.
Carlgren (i959) chose Gothenburg, a small town where he could follow most children who survived. Among 369 with cardiac malformations during 194I-50, the figure of 322 with reasonably certain diagnoses (87%) was much higher than that of MacMahon et al. (59%) and his follow-up (7-i6 years) longer than theirs (3-II years). He too found ventricular septal defect most frequent (31%). Next came persistent ductus, atrial septal defect, and aortic coarctation (each between 9 and I I %); then transposition (7%), aortic stenosis (6%), and pulmonary stenosis (5-6%); then Fallot's tetralogy with nearly 5 per cent; and finally truncus arteriosus and tricuspid atresia, each with I5 per cent: rather over ii per cent included all other malformations.
Hay (i966), among children born at Liverpool, found 5io with cardiac malformations. Excluding those with murmurs thought to be functional or of doubtful significance, he also found ventricular septal defect most common (34%), then atrial septal defect including some ostium primus defects (II7%)V, then pulmonary stenosis (8%) and persistent ductus arteriosus (7'7%), then Fallot's tetralogy (5-9%), transposition (5'6%), and coarctation (5'3%), and then aortic stenosis (4-2%).
Details have been added in Table 2 This, I think, will become generally accepted and ventricular septal defect will need subdivision into 'small' and 'larger' defects. Probably small ventricular septal defect and bicuspid aortic valves are common because, unlike other cardiac malformations, they have few drawbacks during the reproductive period and so are hardly checked by natural selection.
There is no agreement whether atrial septal defect (9 8%) or persistent ductus arteriosus (9 7%) should come next, but almost certainly they occupy second and third places though this was not found in all series of Pulmonary stenosis (6 9%) and aortic coarctation (6 8%) come fourth and fifth. Almost, but not quite certainly, these two are commoner than the next two, but the gap was narrowed by Rose's estimate, the last to be added. Hay's estimate for pulmonary stenosis was double that for coarctation but MacMahon's estimates were the reverse which emphasizes the uncertainties. The relative proportions with valvar and subvalvar pulmonary or aortic stenosis are given in Campbell (i968b, I969).
Aortic stenosis (6-i%) and Fallot's tetralogy (5-8%) are sixth and seventh. The former is impossible to assess accurately at first because it is a question of semantics whether subjects whose bicuspid valves later cause aortic stenosis should be included. MacMahon's very low estimate was omitted in calculating a mean, because in I940-49 congenital aortic stenosis was so rarely recognized.
Transposition of the great trunks (4 2%) is undoubtedly eighth, well below the two previous and well above the next two conditions. Most series included truncus arteriosus (2-2%) and tricuspid atresia (I-3%). (1936) pointed out that reported necropsies did not give a true picture of incidence. They did, however, find the eight commoner malformations but in a very different order. Necropsies of Fallot's tetralogy, persistent ductus arteriosus, and coarctation were reported most often (8-I2% each); then ventricular septal defect and transposition (5-6%); and then pulmonary stenosis, atrial septal defect, and aortic stenosis (2-4%). These 8 malformations accounted for over half of all reported. Landtman (197I) , among necropsies in a children's hospital, found the commonest conditions were ventricular septal defect and transposition (each 13%), and then atrial septal defect, coarctation, and truncus arteriosus (each about 9%).
The scanty evidence available about other races suggests that they have similar incidences for most cardiac malformations. Muir (I960) at Singapore found 411 subjects with cardiac malformations at unselected necropsies, mostly of Chinese. There were similar proportions of the eight commoner cardiac malformations. Caddell and Connor (I966) in Uganda and Gupta and Antia (I967) in Nigeria found ventricular septal defect and persistent ductus arteriosus to be the most common malformations at birth and the other 6 commonest ones to be represented though they had only 59 cases in all. Morton and Huhn (I966) found no difference between nonwhites, Hispanos, and other whites in American schoolchildren; and Schrire (I963) in South Africa found the same total incidence in white, Capecoloured, and Bantu patients.
Less common malformations Few less common malformations form more than i per cent of the total. Eisenmenger's complex formed group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from ranging from 90 tO 25 per cent in different cardiac malformations. It is outside my personal experience, but Landtman (I97i) has painted a gloomy picture of 777 children dying in hospital before they were i6: one-third died in their first week, another third within three months, and 85 per cent in their first year. The rate of mortality falls in an exponential curve, very steeply even when drawn on a logarithmic scale (Fig.) .
Half showed asphyxia at birth; over half had obvious cyanosis, but often due to noncardiac causes (Watson, 1972) . Nearly half had other noncardiac malformations also, more than one in many. These often cause death and call for careful consideration whether curing the heart, if possible, is really in the child's interest. Mortality rates of different authors vary so much for the remaining five malformations that I have no confidence of the order in which they should be placed. They are all, however, in the region of 23 to 36 per cent. Probably the rate is higher in ventricular and atrial septal defects (both about 36%) than in aortic stenosis (29%) and lower in pulmonary stenosis (24%) and persistent ductus arteriosus (23%).
Special difficulties about ventricular septal defects were described by Hay (I966) and grasped firmly by Carlgren (i969) who divided them into 'large ventricular septal defect' with a mortality of about 40 per cent and 'small ventricular septal defect' with no mortality and a strong tendency to close. I believe this is the true position (Campbell, I97I) and that two groups must be distinguished, as with aortic coarctation.
Children at paediatric clinics are not comparable because many have died before reaching them, but mortality is still high. Keith et al. (I958) state that all with aortic atresia die in the first few months.
Of those with transposition 85 per cent, and of those with pulmonary atresia 78 per cent, died in the first 6 months. Of those with truncus arteriosus over 70 per cent and of those with tricuspid atresia 66 per cent died in the first year. Eighty per cent of those with preductal coarctation but only 20 per cent with postductal coarctation died in the first year. The mortality for Fallot's tetralogy was 20 per cent mainly in the first 2 years. Their deaths from ventricular septal defect are combined with other reported ones. Of I38 deaths, the percentages were 27 in the first year, another 27 in the rest of the first decade, I7 in the second decade, 9 in the third, I2 in the fourth, and 8 in later decades. Their mortalities for aortic stenosis (io%), atrial septal defect (8%), pulmonary stenosis (8%), and persistent ductus arteriosus (only 2% with congestive failure and I2% with significant symptoms) were much lower than for unselected infants followed from birth.
Ober and Moore (i955), among 9 stillbirths and 9I infants dying during the first month (70% in the first week) from malformations of the heart, found 27 had transposition, I9 had ventricular septal defect, I2 had cor biloculare or triloculare, ii had coarctation, 7 had fibroelastosis, 6 had atrial septal defect, 4 had truncus arteriosus, and 4 had Fallot's tetralogy (these accounting for 90%).
Incidence in later life Paediatric clinics and schools The heavy early mortality makes cardiac malformations less common among children than among infants at birth. During the first year the neonatal I96 Maurice Campbell Table 5 .
The findings differ so much that some estimates can hardly be correct. Certainly ventricular septal defect is the most common (between 20 and 28%). Next comes persistent ductus arteriosus (about I4%), atrial septal defect (I3'5%), and pulmonary stenosis (I2'5%). These are followed by aortic stenosis and Fallot's tetralogy (about 8%) and aortic coarctation (4-8%). There is no consistent difference between paediatric clinics and schoolchildren except that Fallot's tetralogy and other cyanotic conditions are much less common in schoolchildren. Perhaps atrial septal defect and aortic and pulmonary stenosis are commoner in children attending school and persistent ductus arteriosus less so, possibly because of successful operations.
Children and adults Four series (Campbell, I953; Blumenthal, I953;  Wood, I956; Schrire, i963) are used for this group (Table 6 ). There were many children, but few under 3 years, and many young and some older adults. dence lower in persistent ductus and higher in aortic coarctation, bicuspid aortic valves, and most cyanotic conditions. Incidence at birth is shown in the first column of Table 8 , based on 2263 subjects of five series which agree fairly well. Persistent ductus is the only common condition with more girls than boys at birth, the male incidence being only 37 per cent. Atrial septal defect occurs in equal numbers of girls and boys. Male excess is slight, but probably not significant, in ventricular septal defect (54%) and pulmonary stenosis (55%). In Fallot's tetralogy (57%) it is not much higher but probably significant as it persists at all ages.
For all other common conditions, male incidence is significantly higher, for aortic stenosis (59%), aortic coarctation (6o%), for truncus arteriosus (60%), transposition (67%), tricuspid atresia (68%), and for bicuspid aortic valves (78%). The distribution in children, including some infants, is shown in the second column, from some children of Schrire (i963) (Campbell, i968b, c, i969, I97oa, b, 197I Brotmacher and Campbell (I958) found that among i8o ventricular septal defect patients 57 per cent of those born in I940 or later were boys, but only 26 per cent of those born before I940 were men. They thought boys became cyanotic earlier and died earlier than girls, perhaps because they were less ready to reduce their activity. This could also be the explanation for the excess of women with atrial septal defect at older ages, but I have no direct evidence of a higher mortality among boys and men with persistent ductus arteriosus. Pulmonary stenosis is probably the only common cardiac malformation, with an equal sex incidence at birth and through life. Its incidence in Table 8 is similar to that for ventricular septal defect but I have no evidence that it falls at later ages. In fact, most elderly patients I remember with pulmonary stenosis were men, this contrasting with atrial and ventricular septal defect.
In Fallot's tetralogy, transposition, and bicuspid aortic valves, the male excess continues at about the same level. In aortic stenosis and coarctation it even increases from about 6o to 76 and 72 per cent.
We need more information about sex incidence in miscarriages and stillbirths. If a differential prenatal mortality does not explain the differential sex incidence at birth, this might provide a clue to their aetiology.
Most people know that women now live longer than men, with a mean age of about 73 instead of 68 years. But in developing countries, men still live longer than women to about 4I instead of 38 years. Perhaps less generally known is that for very many centuries records show men dying at means about 25 to 29 and women at i8 to 26 years (Russell and Russell, 1972) .
This greater toughness of women in modern times is illustrated by Suoninen (I97I) who found that operative mortality in boys was twice as high as in girls with persistent ductus, coarctation, or Fallot's tetralogy. This might explain conditions where the proportion of women to men increases with age, but would make it more difficult to understand those where male preponderance increases. I have no direct evidence of a higher mortality in girls with coarctation or aortic stenosis, but it is hard to see any other explanation.
The increasing number of men with aortic stenosis is probably due to its development on bi- 
